Uninfected fibroblasts from chicken embryos contain avian leukosis-sarcoma virus genetic information in the form of DNA (1-3), which may exist in a latent unexpressed state or may be at least partially expressed, as shown by the presence of viral specific RNA, structural proteins, and the envelope glycoprotein (4) (5) (6) (7) (8) (9) (10) (11) (12) . The last mentioned product complements a defect of the Bryan strain of Rous sarcoma virus (BH-RSV) and is thus known as chicken helper factor (chf) (8) . The regulatory function which controls the expression of the endogenous virus-related genes (9, 13) appears to act at some step controlling the amount of viral RNA in the cell, either by altering the rate of transcription or by affecting the stability of the RNA (4, 5). Certain cell types, in particular those derived from line 7 or related chicken lines, spontaneously release an infectious virus, RAV-O. Virus production in these cells is genetically controlled (14, 15) , and appears to correlate with the presence or absence of viral RNA (unpublished results). However, most types of uninfected cells, including those used in the present study, do not produce virus particles even though viral RNA and proteins may be synthesized. This lack of virus production suggests either that certain viral genes are unexpressed in these cells, or that the endogenous viral genome is incomplete or defective.
which is deleted in the env gene, the levels of endogenous env RNA remained unchanged, although exogenous BH-RSV specific RNA was synthesized in very high amounts. Thus, the infecting virus did not appear to influence the expression of the endogenous virus. Likewise, the endogenous virus did not influence the exogenous virus expression, since similar amounts of BH-RSV specific RNA were present in all infected cell types, regardless of the level of endogenous virus expression.
Uninfected fibroblasts from chicken embryos contain avian leukosis-sarcoma virus genetic information in the form of DNA (1-3), which may exist in a latent unexpressed state or may be at least partially expressed, as shown by the presence of viral specific RNA, structural proteins, and the envelope glycoprotein (4) (5) (6) (7) (8) (9) (10) (11) (12) . The last mentioned product complements a defect of the Bryan strain of Rous sarcoma virus (BH-RSV) and is thus known as chicken helper factor (chf) (8) . The regulatory function which controls the expression of the endogenous virus-related genes (9, 13) appears to act at some step controlling the amount of viral RNA in the cell, either by altering the rate of transcription or by affecting the stability of the RNA (4, 5) . Certain cell types, in particular those derived from line 7 or related chicken lines, spontaneously release an infectious virus, RAV-O. Virus production in these cells is genetically controlled (14, 15) , and appears to correlate with the presence or absence of viral RNA (unpublished results). However, most types of uninfected cells, including those used in the present study, do not produce virus particles even though viral RNA and proteins may be synthesized. This lack of virus production suggests either that certain viral genes are unexpressed in these cells, or that the endogenous viral genome is incomplete or defective.
Infection of chicken cells with avian leukosis-sarcoma viruses results in substantial increases in the amounts of viral RNA and in production of progeny virus. The amounts of RNA and virus in infected cells are essentially the same in both endogenous chicken helper factor positive (chf+) and chicken helper factor negative (chf-) cells (4, 16 (13, 20) . Two classes of chf+ chicken embryos have been described, which contain high levels (hH) and extremely high levels (hE) of helper activity (4, 13) . Where necessary, they are designated as chf+ (hH) and chf+ (hE). The Schmidt-Ruppin strain RSV, subgroup A (SR-RSV-A), SR-RSV-B (21) , and SR-RSV-N8 (22) were kindly provided by S. Kawai of this laboratory; RAV-0 was spontaneously released from Line 100 chicken cells (kindly supplied by L. B. Crittenden, U.S. Dept. of Agriculture, East Lansing, Mich.). Other viruses used in this study were Rous associated virus-2 (RAV-2), RAV-7, and BH-RSV(-). Their preparation has been described before (6, 21) . BH-RSV-infected cell cultures were prepared by infection of chf-cells with BH-RSV(-) in the presence of ultraviolet light-inactivated Sendai virus (6, 16) and were fully transformed after several cell transfers.
Nucleic Acid Extraction. Cellular and viral RNAs were extracted as described previously (4) . Cell DNA was purified by the methods of Marmur (23) Synthesis of 3H-Labeled cDNA. cDNA was synthesized as described before (4), but with the following modifications designed to increase the size of the DNA product (27, 28) . dGTP, dATP, and dCTP were used at concentrations of 1 mM each, and the [3H]TTP (50 Ci/mmol) concentration was 0.04 mM. Virus stocks, harvested from cultures at 2 hr intervals, were used immediately after purification, and detergent concentrations were carefully optimized for maximum incorporation with each virus preparation. The reaction mixture was incubated for 8 hr at 370, and DNA was purified as described (4 (4) . Other details of the hybridization procedures have been described previously (4, 29) . The number of copies of viral RNA per cell was calculated as previously described (4), except that a value of 3.0 X 106, rather than 1.1 X 107, was used as the molecular weight of the viral RNA (30) (31) (32) . The effect of this change is to increase the calculated number of RNA copies by a factor of 3.7. Purified RAV-2 or RAV-0 70S RNAs, used as standards for these calculations, gave Crti/2 values of approximately 1.7 X 10-2 mole sec/liter in hybridization reactions with either unselected cDNA probes or with cDNA,,0. The Crti/2 equals the concentration of RNA (Cr) in mol of nucleotide per liter X the time (t) required to reach half-maximal levels of hybridization.
Isolation of cDNA,,,. The methods for preparing cDNAr,,, will be described in detail elsewhere (Hayward, in preparation) , but an outline of the procedures used will be given below. 3H-Labeled RAV-2 cDNA was centrifuged in alkaline sucrose gradients after a mild alkaline treatment. High-molecularweight (HMW) DNA (>5 X 105 molecular weight), representing 15 (33, 34) . cDNAn,,, similar to that described here has also been isolated by Bishop et al. (35) . The latter was determined with the fraction of the RAV-2 cPHIDNA which remained after removal of the env-specific sequences (see Materials and Methods). Cellular RNAs were used at a concentration of 1 mg/ml (RAV-2-infected cells) or 10 mg/ml (uninfected cells); c[3H]DNA was used at 1.5 ng/ml (300 cpm/hybrid reaction).
selected probe contained essentially no homology with the SR-RSV-N8 RNA (<4%), but hybridized extensively with RNAs from nondefective SR-RSV of subgroup A and subgroup B. It also hybridized extensively with RNAs from two other nondefective viruses, RAV-0 and RAV-7.
The selected cDNA hybridized completely to RAV-2 RNA sequences located within a limited region of the genome, which is close to, but not immediately adjacent to, the polyadenylate sequence at the 3-end of the molecule (Hayward, unpublished) .
This result is consistent with the location of the env gene suggested by the mapping experiments of Joho et al. (37) and
Wang et al. (36) . Thus, the selected cDNA (cDNA,,,) appears to be highly specific for the gene coding for the envelope glycoprotein, although a minor contamination of this probe with sequences closely linked to the env gene cannot be excluded by these experiments. Of particular importance in the present study, however, is the fact that the probe is totally specific for viral sequences which are absent in BH-RSV.
Glycoprotein-specifie sequences in DNA from uninfected chicken cells DNAs isolated from chf-and chf + (hH) cells were tested for the presence of nucleotide sequences homologous to cDNAemv.
As shown in Fig. 1 were present in these infected cells (Fig. 2) . The env RNA in the RAV-2-infected cell presumably represents sequences transcribed from the env gene introduced by the infecting RAV-2. Consistent with this idea, CDNAe,,v hybridized to a greater extent (95%) with RNA from the RAV-2 infected cells than with RNA from the uninfected cell (75%). The amount of env RNA in the RAV-2-infected cell was essentially the same as the amount of "non"-env RAV-2 RNA, detected with a probe which had been selected to contain RAV-2 sequences other than the env region (Fig. 2, broken line) . $ Infectivity for Japanese quail cells expressed in focus-forming units/ml. The Japanese quail cells are susceptible to subgroup E virus, and thus permit detection of RSV coated with the subgroup E envelope glycoprotein supplied by the endogenous virus-related genes.
proximately 35%) with RNA from uninfected chf+ cells (see Fig. 3 (4) .
The mechanisms which determine the levels of endogenous or exogenous virus gene expression are unknown. The amount of viral RNA in the cell may increase as much as 5000-to 20,000-fold after virus infection of chf-cells, but viral DNA content increases only slightly, perhaps two-fold (26, (38) (39) (40) . It is clear, therefore, that regulation occurs at some step controlling viral RNA content, but we cannot determine whether this process affects the synthesis or the breakdown of RNA, since the hybridization assay used in these experiments measures only the steady state RNA level. Control could be mediated through diffusable substances ("repressors" or "inducers") which interact with specific sites on the proviral DNA to regulate the rate of transcription, as occurs in various prokaryote systems (41, 42) . Alternatively, some mechanism, perhaps associated with the RNA processing functions, could affect the stability of the RNA. If the latter possibility is the case, however, the degradation of viral RNA in the repressed cell must be extremely rapid, since no env RNA was found in chf-cells using conditions which would detect as little as 0.4 copies per cell. In either case, the regulatory mechanism would have to possess a very high degree of specificity to explain the widely different levels of expression of two very similar viral genomes within the same cell. A third possibility is that the integrated provirus is controlled by adjacent cellular genes, perhaps being transcribed as part of a large operon regulated by cellular, rather than viral, regulatory elements. If the infecting virus integrates at some site which is not closely linked to the endogenous provirus, its level of expression could be determined by different cellular genes and would thus be completely independent of the endogenous provirus. A mechanism of this type, involving a cis-acting control element linked to the endogenous provirus, was proposed by Cooper 
